Introduction {#sec1-1}
============

Femtosecond laser (FSL) is being used in ocular surgery since 2001 for LASIK flaps, and recently in 2010 it got approved by Food and Drug Administration (FDA) for cataract surgery. The reason for its success in cataract surgery is that it has ultrafast pulses in the range of 10^−15^ which require less energy as compared to phacoemulsification for tissue destruction, thus increasing its safety margin.\[[@ref1][@ref2]\]

Since, its approval in 2010 following operating systems got FDA approval for their use in FSL assisted cataract surgery\[[@ref3]\] (FLACS):

OptiMedica Catalys (Optimedica Corp, CA, USA)LensAR (LensAR Inc., FL, USA)Alcon LenSx (Alcon Laboratories, Ft Worth, TX, USA)Technolas Victus (Technolas Perfect Vision GmbH, Germany; and Bausch + Lomb, NYSE, USA).

Materials and Methods {#sec1-2}
=====================

A PubMed search was conducted in July 2014 using the following keywords: FSL, cataract, phacoemulsification, phacofragmentation, capsulotomy, and clear corneal incisions (CCIs), OptiMedica, LensAR, LenSx, and Victus. The search revealed 336 articles from which 30 were shortlisted to include in our study. The references of articles selected were also utilized as a resource.

Femtosecond Laser: Mechanism of Action {#sec1-3}
======================================

FSL functions by means of its highly targeted near infrared scanning pulse focused to 3 um with an accuracy of 1 um.\[[@ref1]\] Basic mechanism of action lies in the fact that this highly focused energy beam can raise the energy of matter to a level where plasma is created. This plasma of free electrons and ionized molecules rapidly expands, creating cavitation bubbles. The force of cavitation bubble creation separates the tissue.\[[@ref3]\] This process of converting laser energy into mechanical energy is known as photodisruption. FSL uses near infrared waves that are not absorbed by cornea so it can also be used for targeting anterior chamber at various depths without the risk of the damaging cornea.\[[@ref4]\]

Steps in Femtosecond Laser Assisted Cataract Surgery {#sec1-4}
====================================================

The main steps required in this procedure include:

Pupillary dilatationTopical anesthesia.

Docking {#sec2-1}
-------

It requires applanation of cornea with a docking system to distribute the pressure evenly on cornea. This requires the patient to be flat on the table with minimal neck support. It may represent a contraindication for older patients with significant kyphosis and scoliosis. The head must be secured with a slight tilt, so the operated eye is in a higher plane to clear the nose.\[[@ref1][@ref4]\] Docking involves placing a suction ring on the eye that is separate from the patient interface \[[Figure 1](#F1){ref-type="fig"}\]. A separate surgical microscope is positioned off to the side to visualize the eye for docking. FSL has both soft and hard docking platforms. During cataract surgery, soft docking is preferred to keep the intraocular pressure low. This is in contrast to docking done for corneal refractive surgery, where hard docking techniques were used. The eye is then docked using different interfaces that can be divided into contact (applanating) and noncontact (nonapplanating). Contact systems tend to have a smaller diameter and may fit a smaller orbit better. Noncontact devices, in addition to less increase in intraocular pressure, cause less subconjunctival hemorrhage and offer a wider field of view.\[[@ref1][@ref4]\] Following are the different docking techniques used by different companies:

LenSx: Curved contact lensLenAR: Liquid opticsOptiMedica: Liquid opticsVictus: Curved glass interface.

Rise in intraocular pressure following docking is considerably lower using liquid optics as compared to contact lens and curved glass interface.

![Docking: Platform for clear imaging and laser delivery](OJO-8-141-g001){#F1}

Anterior segment imaging {#sec2-2}
------------------------

It is done for better visualization of anatomical landmarks and for mapping out iris and posterior surface of the lens to avoid posterior capsular rent. It involves high-resolution, three-dimensional (3D), wide-field imaging of the anterior segment \[Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\]. Detailed visualization of the cornea, iris, iridocorneal angle and lens (including anterior and posterior capsule) is the key to success and safety with FLACS. Inaccuracy at this stage increases the risk of incomplete capsulotomy, imprecise corneal incisions, damage to the iris, and posterior capsular rupture.\[[@ref5]\]

![(a) Anterior segment imaging (b) anterior segment imaging using optical coherence tomography](OJO-8-141-g002){#F2}

There are two main techniques for this purpose namely optical coherence tomography (OCT) and Scheimpflug imaging technique. OCT delivers high-resolution because it is based on light, rather than sound or radio frequency. An optical beam is directed at the tissue, and a small portion of this light that reflects from sub-surface features is collected. Note that most light is not reflected but, rather, scatters off at large angles. In conventional imaging, this diffusely scattered light contributes background that obscures an image. However, in OCT, a technique called interferometry is used to record the optical path length of received photons allowing rejection of most photons that scatter multiple times before detection. Thus, OCT can build up clear 3D images of thick samples by rejecting background signal while collecting light directly reflected from surfaces of interest. Furthermore, it shows live sub-surface images and instant direct imaging of tissue morphology.

The Scheimpflug principle images the anterior eye with a camera at an angle to a slit-beam creating an optic section of the cornea and lens. More recent instrumentation has been designed to rotate around the visual axis capturing multiple images to create a 3D image of the anterior chamber. Scheimpflug measures of central corneal thickness and anterior chamber depth are accurate and have good repeatability.\[[@ref6]\] However, owing to the refracting surfaces and the tilt of the camera, the unprocessed Scheimpflug image is distorted. The image is decreased in size perpendicular to the direction of the optical axis. Therefore, the curvatures of subsequent radii are reduced, such as the posterior corneal surface, and both the lens surfaces, and axial depths are increased, such as the corneal thickness and anterior chamber depth.\[[@ref7]\] Following are imaging techniques used by different companies.

LenSx: OCTLensAR: ScheimpflugOptiMedica: OCTVictus: OCT.

Clear corneal incisions (CCIs) {#sec2-3}
------------------------------

Preprogrammed partial thickness clear incisions are then made using FSL. FSL produces consistent and stable incisions.\[[@ref8]\] This has been attributed to the controlled, reproducible generation of the incisions and the configuration of the corneal wound created\[[@ref9]\] \[[Figure 3](#F3){ref-type="fig"}\]. Studies have found that CCIs created with FSLs are square and significantly more resistant to deformation and leakage with increased stability compared with manually created incisions.\[[@ref9][@ref10]\] However, this will require a large amount of data to confirm and definitive results will not be present for some time.

![Precise, interlocking corneal incision using femtosecond laser](OJO-8-141-g003){#F3}

In addition to creating the main cataract surgical wound, FSLs are used to create limbal relaxing incisions (LRIs). When placed in specific areas of a person\'s cornea, LRIs can reduce the amount of astigmatism present, which can, and often does, improve postoperative uncorrected visual acuity.

Anterior capsulotomy {#sec2-4}
--------------------

It is laser assisted, better sized, more circular and better centered.\[[@ref11]\] The FSL is able to create a near perfect, round opening in the anterior capsule by dissecting it with a spiral laser pattern crossing the anterior capsule \[[Figure 4](#F4){ref-type="fig"}\]. It can, however, cause the release of gas bubbles that can distort the anatomy and affect the capsulotomy. For this reason, the spiral pattern is applied first posterior to the capsule and advances anteriorly.\[[@ref12]\]

![Anterior capsulotomy](OJO-8-141-g004){#F4}

Phacofragmentation {#sec2-5}
------------------

The FSL has the capability to assist the fragmentation (breaking up) of the cataract. The laser applies a number of pulses to the lens in a predesigned pattern \[[Figure 5](#F5){ref-type="fig"}\] which then allows the surgeon to remove the lens matter using very low if at all required, phacoemulsification power. This has been shown to reduce the average time and energy required to break up and remove the lens by approximately 50%.\[[@ref13]\] Inherently, this should make the overall procedure safer and less traumatic to the eye, which may further reduce the risk of postoperative swelling and lead to a faster visual recovery.

![Phacofragmentation using femtosecond laser](OJO-8-141-g005){#F5}

Finally, the patient is taken to the operating room where the surgeon converts partial thickness incision to full thickness incision; removes lens fragments by phacoemulsification and implants an intraocular lens (IOL).

How can Femtosecond Laser Improve Cataract Surgery? {#sec1-5}
===================================================

To answer the above question, we must first point out the shortcomings in previous cataract operating techniques and compare them with FSL. Following are the major side effects of previous procedures that have been proposed to be better controlled with the application of FSL:

Tears in capsulorrhexisDecentration and tilt of lensRisk of corneal injuryPostoperative endophthalmitis.\[[@ref14]\]

Tears in capsulorrhexis {#sec2-6}
-----------------------

Manual capsulorrhexis is considered to be very tricky and most difficult part of cataract surgery leading to tears.\[[@ref15]\] FSL appears to be a solution to this problem as its highly targeted lasers via OCT minimize the chances of human errors. FSL makes well targeted and highly precise capsulotomies.

Decentration and tilt {#sec2-7}
---------------------

Unpredictable diameter seen in manual capsulorrhexis can cause decentration or tilt of IOL, which can affect the refractive power of the eye causing unpredictable anterior chamber depths and lead to increased rate of posterior capsular opacification.\[[@ref16][@ref17][@ref18]\] According to Norrby IOL position was the largest contributor to postoperative refractive error in cataract patients. However, FSL delivers a precisely planned and circular capsulorrhexis, that leads to a better IOL overlap and minimizes the chances of decentration.\[[@ref17]\] However whether the circular capsulorrhexis made by FSL has a significant effect on postoperative vision of the patients still needs to be explored.

Risk of corneal injury {#sec2-8}
----------------------

Studies conducted by Murano *et al*. and Shin *et al*. show that ultrasound exposure causes cell stress and necrosis leading to corneal endothelial damage\[[@ref19][@ref20]\] Thus to avoid or reduce corneal injury the time duration of ultrasound exposure to eye should be reduced. Conrad-Hengerer *et al*. showed that FLACS has less effective phacoemulsification time compared to conventional techniques.\[[@ref21]\] Furthermore, after application of FSL, less instrumentation is required further reducing the chances of tissue damage.

Postoperative endophthalmitis {#sec2-9}
-----------------------------

According to a study conducted by Xia *et al*., Anterior segment OCT after cataract surgery shows internal corneal wounds and detachment of descemet membrane that serve as a risk factor for endophthalmitis.\[[@ref22]\] However, FSL is capable of making cuts to precise depth and length with more square architecture, making it resistant to leakage and thus minimizing chances of endophthalmitis.\[[@ref10]\] However, evidence lacks and more elaborate and long-term studies need to be conducted to establish this fact in favor of FLACS.

Current Femtosecond Laser Assisted Cataract Surgery Studies {#sec1-6}
===========================================================

There have been very few studies that demonstrate the use of FSL in all steps of cataract surgery. However, there are multiple studies describing the use of FSL in individual steps of cataract surgery. We shall now review each FSL assisted step individually.

Results {#sec1-7}
=======

Femtosecond laser assisted corneal incision {#sec2-10}
-------------------------------------------

A study conducted by Masket *et al*., using cadaver eyes found that corneal incisions created with FSL were stable and reproducible.\[[@ref9]\] In addition, Grewal *et al*. observed CCIs created using the FSL had significant morphological differences compared with those using a metal keratome. There were lower rates of endothelial gape, endothelial misalignment, and descemet membrane detachment in the FSL group than in keratome group. Furthermore, CCIs created using FLACS were within 10% of the intended programmed measurements for incision length, depth, and angle.\[[@ref23]\] However, there is no definitive data regarding wound strength in FSL generated corneal incisions.

Femtosecond laser assisted capsulotomy {#sec2-11}
--------------------------------------

Nagy *et al*., observed a higher degree of circularity, fewer patients with incomplete capsulorrhexis and better IOL centration with FSL.\[[@ref24]\] Another study conducted by Friedman *et al*., showed that laser created capsulotomies were significantly more precise in size and shape than manually created capsulorrhexis.\[[@ref25]\] Kránitz *et al*. showed that there was a statistically significant difference between circularity of capsulotomy at postoperative week one; favoring laser-assisted surgery. However after a year, there was no longer a statistical difference between two groups.\[[@ref26]\]

Abell *et al*., observed that there was a significantly increased rate of anterior capsule tears in FLACS group (1.87%) when compared to phacoemulsification group (0.12%). In 7 FLACS cases, the anterior capsule tear extended to the posterior capsule. Irregularities at capsule margin as well as multiple apparent misplaced laser pits in normal parts of tissue were also observed. A learning curve may account for an increased complication rate with FLACS.\[[@ref27]\]

Femtosecond laser assisted phacofragmentation {#sec2-12}
---------------------------------------------

The ability of FSL to fragment the lens results in the need for less energy to be expended inside the eye. Nagy *et al*. showed that the FSL reduced phacoemulsification power by 43% and operative time by 51% in porcine eye study.\[[@ref13]\] Similarly, Conrad-Hengerer *et al*. showed that in FLACS mean laser time was 54.9 s and effective phacoemulsification time was 0.16 ± 0.21 s compared to 4.07 ± 3.14 s in the standard group.\[[@ref21]\] Palanker *et al*. observed a decrease in the perceived hardness of nuclear sclerotic cataract after FLACS, estimated by the surgeon to decrease from grade four to grade two.\[[@ref12]\]

Complications associated with FLACS {#sec1-8}
===================================

It is postulated that FLACS will revolutionize the cataract surgery in the coming years but for now it presents a unique set of clinical and financial challenges to cataract surgeon. Though FLACS showed excellent results in cataract surgery but still there are many complications to be considered. A retrospective study of the first FLACS, conducted by Ophthalmology Department of Semmelweis University, Budapest, Hungary showed following complications:\[[@ref28]\]

Suction break 2%Conjunctival redness and hemorrhage 34%Capsular tags and bridges 20%Anterior tears 4%miosis 32%Endothelial damage due to cut within endothelial layer 3%.

However, a major reason for the above mentioned complications is considered to be learning curve associated with initial cases. These can be avoided by cautious surgical techniques and more skillful surgery. In fact, Bali *et al*. conducted a study and they stated that these complications were a part of learning curve.\[[@ref29]\]

There is also additional operating room shifting time involved with the use of FSL, i.e. the patient needs to be shifted to the operating theater after application of laser treatment. Although the laser treatment usually takes only a few minutes, there is time involved in getting the patient positioned under the laser as well as associated OCT imaging and treating the eye. The phacoemulsification portion of the procedure is done under the operating microscope so the patient will have to move from either the laser bed or be wheeled out from under the laser to the operating microscope. These logistical issues as well as the other previously mentioned issues could result in increased time spent with each individual patient. This overall increased time could influence the volume of cataract patients that a surgeon, surgical center, or hospital may be able to perform during a given operating room/block if not evaluated carefully. All of these considerations must be taken into account when determining patient charges for this procedure.\[[@ref30]\]

Limitations of FSL are not well recognized at this time but it is considered that patients with tremors or dementia will do poorly in initial docking system. Similarly patients with corneal opacities, anterior basement membrane dystrophies, ocular surface disease, and pannus with encroaching blood vessels are poor candidates. Furthermore, glaucoma patients need further assessment due to change in IOP during initial docking system. Since, FLACS relies on good anterior chamber imaging so patients with poor pupillary dilatation and posterior synechiae also become poor candidates.\[[@ref31]\]

There is a great dilemma regarding financial feasibility of FLACS. A survey performed by Dalton, involved 1047 ophthalmologists. Of which 72% stated that financial issues were their most important concern about adopting this technology. Reduced workflow efficiency, patient dissatisfaction and increased patient expectations were also noted.\[[@ref32]\] FLACS currently costs around \$1500-\$4000 per eye with a good foldable IOL in Pakistan.

Conclusion {#sec1-9}
==========

In conclusion, FLACS appears to be a safe, efficient and reproducible procedure with promising results. It may eventually be proven superior to conventional cataract surgery and entirely change the face of cataract surgery. However at this point, more studies need to be done to establish this. The coming years of research will show how far FSL will grow in cataract surgery.
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